Objectives. Tuberculosis (TB) is a leading public health problem and a recognized priority for the federal Governments of both Mexico and the United States of America. The objectives of this research, primarily for the four states in the United
Tuberculosis (TB) among populations along the border shared by Mexico and the United States of America is a leading public health problem and a recognized priority for the federal Governments of the two countries (1) . There are four states in the United States and six states in Mexico along the United States-Mexico border. As shown in Figure 1 , in 2001, TB rates on each side of the border were 1.5 times their respective national averages, according to published (1-4) and unpublished sources. 2 Prolonged infectiousness, ongoing transmission, and increased drug resistance have been documented among TB patients residing along the border (5) (6) (7) (8) (9) . Moreover, TB control, including TB case management and completion of the standard six-month treatment regimen, is made more difficult in this area by poor socioeconomic conditions, limited health care access, and an extremely mobile population (1, 4, (10) (11) (12) (13) .
In 2001, 49% of the total TB cases reported in the United States were among foreign-born persons. Almost one-quarter of the foreign-born TB patients (23%) were born in Mexico, and 69% of these Mexican-born TB patients were reported from Arizona, California, New Mexico, and Texas, the four states in the United States that border Mexico (2) . The health of immigrant populations in the United States, and of the Mexican-born population in particular, is of increasing importance, as 31.1 million people in the United States are foreign-born and almost one-third of them (9.2 million) are of Mexican origin, the largest subgroup (14) .
Growing concerns about the TB problem along the United StatesMexico border have led to recent local and federal strategic public health initiatives in both Mexico and the United States, including a mandate for increased TB control efforts (1, (15) (16) (17) (18) (19) (20) (21) . We sought to describe TB along the United States-Mexico border in order to identify TB risk factors as well as to use the information to facilitate case management and prevention of TB along the United States-Mexico border. Using data for 1993 through 2001 collected by the national TB surveillance system of the United States, we compared TB cases among three groups: (1) the Mexican-born population in the four United States border states, (2) (2) . Mexican TB data: Sistema Único de Información para la Vigilancia Epidemiológica/Dirección General de Epidemiología/Secretaría de Salud. c TB rate = TB cases per 100 000 population.
METHODS
The national TB surveillance system of the United States uses a standardized case report form to collect information on newly diagnosed persons with TB from the 50 states and the District of Columbia (i.e., Washington, D.C.) (22) . Completed for each reported TB case, the form contains demographic, clinical, laboratory, and sociodemographic information, including country of origin, date of arrival in the United States, human immunodeficiency virus (HIV) seropositivity status, and anti-TB drug resistance. In the state of California, instead of reporting HIV test results, TB and acquired immunodeficiency syndrome (AIDS) registries are compared annually, and TB patients found on the AIDS registry are reported as testing positive for HIV infection; all other California TB cases are classified as having an unknown HIV status for the purpose of data analysis. For our study we analyzed national TB surveillance data collected in the United States from 1993 through 2001.
We used the United States Census Bureau definition of a native or a person born in the United States and also the Bureau's definition of foreign-born status (23) . Persons were classified as a native or as born in the United States if: (1) they were born in one of the 50 states, the District of Columbia, or a United States territory, "island area," or "outlying area" (e.g., Puerto Rico, Guam) or (2) they were born outside the United States to at least one parent who was a United States citizen. All other persons were classified as foreign-born.
In order to evaluate TB among Mexican-born persons and along the United States-Mexico border, we compared Mexican-born persons in the four United States border states (Arizona, California, New Mexico, and Texas) to Mexican-born persons in the 46 nonborder states in the United States and to persons who had been born in the United States and were residing in the four United States border states. We used data for 1993 through 2001 that had been collected by the national TB surveillance system of the United States. Non-Mexican foreignborn TB patients from the four United States border states ("other foreignborn border") were compared to Mexican-born TB patients for specific variables (e.g., years spent in United States prior to TB diagnosis).
The Centers for Disease Control and Prevention (CDC) National TB Surveillance System is an approved data collection system and has been determined by the Associate Director of Science, CDC, National Center for HIV, STD and TB Prevention as not constituting research. Therefore, specific institutional review board approval was not needed for this study. The CDC National TB Surveillance System is considered routine disease surveillance and does not constitute human or animal subjects research.
Analysis
Population data used to calculate rates were obtained from the United States Census Bureau, Census 2000 (24) . Population data from the Census 2000 for persons born in the United States were calculated by subtracting foreign-born population data from total population data. For our univariate analysis, we calculated relative risks (RRs), 95% confidence intervals (CIs), and two-tailed P values using a Mantel-Haenszel chi-square ( 2 ) test for dichotomous variables. Unknown values were excluded when calculating the relative risk and odds ratio, except for HIV status. Multivariate logistic regression was used to determine factors associated with multidrug resistance (i.e., resistance to at least isoniazid and rifampin) and resistance to isoniazid among pulmonary TB patients 18 to 64 years of age. Potential covariates for the logistic regression models included those with P < 0.20 in univariate analysis, known confounders, and those considered to be epidemiologically relevant. Epidemiologically plausible interactions were tested; none was significant. The correlation coefficients for all variables introduced into the model were less than 0.5. The SAS 8.2 (25) , Epi Info 6.04d (26), and Stata 7.0 (27) software programs were used for analysis; a result was determined to be statistically significant if P < 0.05. In that same year the TB case rate among Mexican-born persons was similar for the four border states (20.0 per 100 000 population) and the 46 nonborder states (20.4 per 100 000 population). Also in 2001, among TB cases in California and Texas in persons who had been born in the United States, case rates were higher among persons living in the border counties than they were for the state overall.
RESULTS

From
From 1993 through 2001, among both the United States-born and Mexican-born cases, the age group contributing the largest proportion to the TB burden were persons 25 to 44 years old. However, among pediatric TB patients (i.e., < 15 years old), the proportion of United States-born borderstate patients was around twice that of both Mexican-born border-state patients (RR = 1.8; 95% CI, 1.7-1.9) and Mexican-born nonborder-state patients (RR = 2.0; 95% CI 1.8-2.3) ( Table 2) . Pulmonary TB was found in greater than 80% of TB cases (Mexican-born border: 83.7%; United States-born border: 84.3%; Mexican-born nonborder: 80.6%). Among adult pulmonary TB patients (i.e., ≥ 15 years old), positive sputum smears for acid-fast bacilli were more frequently reported for Mexican-born TB patients (border: 52.0%; nonborder: 56.2%) than for United States-born border TB patients (46.0%). However, the proportion of positive sputum cultures for Mycobacterium tuberculosis was similar for Mexican-born TB patients (border: 77.1%; nonborder: 77.8%) and United Statesborn border patients (74.4%). Among pulmonary TB cases, more than 92% of chest radiographs were abnormal for all comparison groups. However, among persons with an abnormal chest radiograph, the proportion of Mexican-born patients with cavitary disease (border: 29.4%; nonborder: 32.4%) was significantly higher than that of United States-born border patients (25.5%) ( 2 , P < 0.001 for both comparisons). HIV test results were not available for a large proportion of TB patients 25 to 44 years of age, especially along the border (Table 2) . However, United States-born border TB patients were more than twice as likely to be coinfected with HIV as Mexicanborn TB patients; this was true both for Mexican-born TB patients in the border states (RR = 2.1; 95% CI, 2.0-2.3) and for those in the nonborder states (RR = 2.8; 95% CI, 2.4-3.2). Adult Mexican-born border TB patients had resided in the United States for a longer period of time before TB was diagnosed (median: 10.0 years; diagnosed within 5 years: 29.9%; diagnosed after 5 years: 59.6%; unknown: 10.5%) than either Mexican-born nonborder patients (median: 4.0 years; diagnosed within 5 years: 47.3%; diagnosed after 5 years: 37.4%; unknown: 15.3%) or border TB patients born in countries other than Mexico (median: 6.6 years; diagnosed within 5 years: 39.6%; diagnosed after 5 years: 52.8%; unknown: 7.6%).
Among persons aged 18 to 64 years the proportions of TB cases in United States-born border residents who were in a correctional facility (e.g., jail, prison) at diagnosis (12.4%); had used injecting drugs (7.9%), noninjecting drugs (14.4%), or excess alcohol (24.9%) within the past year; or were homeless (16.0%) within the past year were significantly greater than in Mexican-born border TB patients (7.3%, 2.7%, 6.4%, 16.1%, and 6.6%, respectively); the same was true for Mexican-born nonborder TB patients (3.5%, 1.0%, 3.0%, 12.2%, and 6.4%, respectively) (Table 3 ) ( 2 , P < 0.001 for all comparisons). Except for a history of homelessness, Mexican-born border TB patients reported those five risk factors more frequently than did Mexican-born nonborder TB patients ( 2 , P < 0.001 for all comparisons). United States-born border TB patients reported being unemployed during the two years prior to TB diagnosis more frequently (50.5%) than did Mexican-born border TB patients (37.5%) and Mexican-born nonborder TB patients (21.1%) ( 2 , P < 0.001 for both comparisons).
Higher drug-resistance rates were noted among isolates from Mycobac- (Table 7) . Those who had had a previous episode of TB were also about two times as likely to have INHresistant disease. In contrast to MDR TB, significant positive risk factors for INH-resistant TB included being a correctional facility employee within the past two years, and residing (as an inmate) in a correctional facility at the time of diagnosis. Similar to MDR TB, the presence either of smear positivity or of cavitary disease at diagnosis was In 1999 the proportion of Mexicanborn border TB patients (84.0%) who received at least some anti-TB treatment using directly observed therapy (DOT) was slightly greater than for Mexican-born nonborder patients (83.2%) and for United States-born patients (79.7%). In 1999, completion of therapy was similar for all comparison groups (United States-born border: 85.6%; Mexican-born border: 84.4%; Mexican-born nonborder: 84.1%). From 1993 through 1999, the most commonly reported reasons for stopping therapy, other than completing therapy, included moving, being lost to follow-up, and having died (any cause). Mexican-born TB patients were significantly more likely to have moved or be lost to follow-up as a final outcome than were United States-born border-state TB patients (Table 2 ). This was true both for Mexican-born TB patients in the border states (RR = 1.6; 95% CI, 1.5-1.8) and ones in the nonborder states (RR = 2.3; 95% CI, 2.1-2.5). More United States-born TB a Includes only persons 18-64 years old, with pulmonary TB, confirmed culture-positive for Mycobacterium tuberculosis, with initial susceptibility testing done for isoniazid and rifampin, and for whom country of birth and previous TB status were known. b Percents reflect exclusion of unknowns. c 95% CI = 95% confidence interval. d Determined using a combination of self-report and medical documentation (22) . e Cavitary disease at diagnosis = cavitary disease on initial chest radiograph. f AFB = acid fast bacilli. g Occupation = occupation in the two years prior to TB diagnosis.
border-state patients died (any cause) during therapy (11.3%) than did Mexican-born TB patients, in both the border states (6.1% died) and the nonborder states (3.3% died). In all three of those comparison groups, between one-quarter and one-third of the TB patients who died (any cause) before completing therapy were HIV-infected (Mexican-born border: 26.9%; Mexican-born nonborder: 28.2%; United States-born border: 32.1%).
DISCUSSION
To our knowledge, this is the first published analysis that uses data collected at the national level in the United States to make comparisons among Mexican-born border-state TB patients, United States-born borderstate TB patients, and Mexican-born nonborder-state TB patients. The importance of this description can be highlighted by the fact that Mexico contributes the largest number and the largest proportion of foreign-born TB patients towards the total annual TB morbidity in the United States. Further, the four states in the United States that border Mexico account for the majority of the TB cases in Mexican-born persons in the United States. The overall TB case rate for Mexican-born persons in these four border states was five times as great as the rate for United States-born persons in these states. Importantly, the case rates for Mexican-born TB patients in the 46 nonborder states were also elevated compared to United States-born rates from the four border states and were also very similar to rates for Mexicanborn patients reported from the border states. That was true even though there were fewer Mexican-born nonborder TB cases than there were Mexican-born border and United States-born border cases. Interestingly, among United States-born TB cases in California and Texas, case rates were elevated among persons living in the border counties as compared to the overall state TB case rate. These higher case rates may reflect risk associated with family immigration patterns or travel history (28), or they may also reflect ongoing TB transmission along the border.
Among adult pulmonary TB cases, those in Mexican-born persons more frequently were sputum smear-positive and had evidence of cavitary disease on chest radiograph than was true for United States-born TB patients. This finding may indicate more extensive disease progression prior to TB diagnosis among Mexican-born TB patients. The reasons for this finding are unclear, but they may be related to more limited access to care or to a delay in seeking or obtaining care (29) . These factors may prolong infectiousness and contribute to ongoing transmission within the community. Timely access to care is important for interrupting the transmission chain in this population. Unique to Mexicanborn border-state TB patients was the longer amount of time spent in the United States prior to TB diagnosis (e.g., at least five years) compared to Mexican-born nonborder-state patients and to border-state TB patients who had been born in countries other than Mexico. This longer period before diagnosis may be related to residing longer in the United States and/or an increased opportunity for frequent border crossings between the United States and country of birth for persons living along the United States-Mexico border.
Specific risk factors, such as drug and alcohol use, incarceration, and unemployment, were less likely to be reported in Mexican-born TB patients than in United States-born patients. The most important risk factor for the Mexican-born TB patients appears to be birth in a country with a relatively high incidence of TB. HIV coinfection was more commonly reported among United States-born border-state TB patients than among Mexican-born TB patients. However, our analysis also revealed that HIV test results are not reported to the national TB surveillance system for a large proportion of TB patients despite the recommendation that all TB cases receive HIV counseling and testing (30) . Possible explanations for this deficient reporting include health providers not performing HIV counseling and testing or not reporting the HIV test results, as well as the existence of local confidentiality directives that restrict the reporting of HIV test results. To properly identify TB-HIV coinfected patients and ensure appropriate therapy, all TB patients, independent of age or HIV risk factors, should receive HIV counseling and testing once TB disease is diagnosed (31) .
Mexican-born TB patients were almost four times as likely to have MDR TB and twice as likely to have INH resistance as their United States-born counterparts, even after controlling for a previous history of TB. Among Mexican-born TB patients, location with respect to the United States-Mexico border was not a risk factor for either MDR TB or INH resistance. Therefore, the finding of drug resistance among Mexican-born TB patients who have recently arrived in the United States may reflect transmission of drug-resistant TB in Mexico prior to arrival. In a continued effort to address TB drug resistance, especially MDR TB, the Mexican National TB Program (Programa de Acción Tuberculosis) plans to conduct a national drug resistance survey to determine the current prevalence of drug resistance and to initiate a DOTS-Plus project with drugs purchased through the Green Light Committee of the World Health Organization (32, 33) . Currently, partial assistance for drug-resistant TB patients is provided through binational TB projects located along the United StatesMexico border. A priority for these binational projects has been the identification and case management of patients with MDR TB by providing second-line anti-TB drugs, laboratory support (e.g., drug susceptibility testing), and outreach workers to ensure treatment adherence and to conduct contact investigations. Management of drug resistance in all of Mexico and in the United States along its border with Mexico is crucial for preventing the transmission of drug-resistant TB in the United States.
Currently, the national TB surveillance system in the United States does not collect information on binational status (34), immigration status, or, for pediatric TB patients, their travel history or the country of birth of their parents/guardians. To better capture this information, a workgroup of local, state, and national TB surveillance experts from the United States has proposed a revision of the case report, which is expected to be implemented in 2006 or later. The proposed changes to the national TB surveillance system in the United States would allow counties and states to more easily collect data on TB patients who are not officially counted in the annual morbidity totals for the country. In the United States, many border counties and states now provide care for TB patients that they cannot count towards their annual morbidity totals because these cases were or should have been counted elsewhere (e.g., Mexico) (2). These "uncounted" patients often receive extensive care in the United States, thus placing the burden for treatment, care, and contact investigations on local TB control programs. Proposed changes to the national TB surveillance system in the United States would enhance characterization of such TB patients as well as permit measurement of the burden, thus allowing local TB control programs to substantiate the need for additional funding and resources.
Despite the recent success against TB in the United States, control of TB along the United States-Mexico border remains challenging. During the study period, Mexican-born TB patients were almost twice as likely to have moved during therapy or to be lost to follow-up as were United States-born TB patients. This finding, combined with the fact that the population on both sides of the United States-Mexico border is highly mobile, has attracted the attention of the federal Governments of both Mexico and the United States and has resulted in an innovative new binational initiative, the U.S.-Mexico Binational TB Referral and Case Management Project. That project tracks and manages binational patients with active TB disease who cross the United States-Mexico border. 3 The project's main objectives are to ensure continuity of care and treatment completion, thus preventing further TB transmission and the emergence of drug resistance. This project, which is the product of a collaboration among the local, state, and federal levels of both Mexico and the United States, is piloting an integrated system that uses a binational health card and a binational referral network in three sites in the United States and ten sites in Mexico. (The binational health card is a wallet-sized card in both English and Spanish that has a unique identification number that links the card to the TB patient and the patient's TB information in two national databases as well as toll-free telephone contact numbers in the United States and Mexico where a patient or provider can call for necessary information to assure continuity of TB care.) This new project is building upon and integrating the efforts of two well-established programs, CureTB (20) and TBNet (21) , and for the first time linking their referral services directly with a similar effort by the Mexican National TB Program. The Bureau of Immigration and Customs Enforcement of the United States, through its detention centers in the cities of El Paso, Texas, and San Diego, California, is also participating in order to facilitate continuity of care for immigration-law violators who are being returned to Mexico. If this binational TB project proves successful and cost-effective, plans include expansion to all TB patients in the United States and Mexico who cross the border. TB control efforts among the Mexicanborn population in the United States and Mexico-many of whom in the United States are undocumented and for whom accessing services is difficult-will need to rely on creative initiatives such as these.
The impact of TB among Mexicanborn persons extends far beyond the United States-Mexico border, affecting TB control throughout the United States and Mexico. Binational local and federal public health action is essential for TB control and prevention in this distinctive region, the United States-Mexico border (35). Continued United States-Mexico collaboration and dedication of necessary resources are critical to the identification, successful treatment, and prevention of TB along the border.
Objetivos. La tuberculosis es un problema de salud pública importante y es una prioridad reconocida por los gobiernos federales de México y Estados Unidos de América. Los objetivos de la presente investigación fueron los siguientes, atendiendo específicamente a los cuatro estados de los Estados Unidos que tienen frontera con México: 1) describir la situación epidemiológica de la tuberculosis, 2) identificar los factores de riesgo de contraer la enfermedad y 3) examinar las estrategias aplicadas en los programas antituberculosos. Métodos. Analizamos las notificaciones de casos de tuberculosis recogidas entre 1993 y 2001 por el sistema estadounidense para la vigilancia de la tuberculosis. Con esos datos se compararon los casos de tuberculosis detectados en tres grupos principalmente: 1) personas nacidas en México que vivían en uno de los cuatro estados fronterizos de Estados Unidos (Arizona, California, Nuevo México y Texas); 2) residentes de esos cuatro estados que habían nacido en los Estados Unidos, y 3) personas nacidas en México con residencia en cualquiera de los otros 46 estados de Estados Unidos que no tienen frontera con México. Resultados. Durante el período de 1993 a 2001, 12 450 (76,7%) de los 16 223 casos de tuberculosis en residentes de Estados Unidos nacidos en México se notificaron en Arizona, California, Nuevo México y Texas. En esos cuatro estados en general, la incidencia de tuberculosis en 2001 en personas nacidas en México fue 5,0 veces mayor que en personas nacidas en Estados Unidos. En dichos estados hay 23 condados que tienen frontera con México, y en ellos la razón observada fue de 5,8. Las probabilidades de que se notificaran seropositividad a VIH, abuso de alcohol, desempleo y encarcelamiento fueron menores, en grado significativo, entre pacientes tuberculosos nacidos en México con residencian en los cuatro estados fronterizos y en los otros estados que entre pacientes nacidos en Estados Unidos con residencia en los cuatro estados fronterizos (P < 0,001). Según el análisis multifactorial, en pacientes tuberculosos entre las edades de 18 y 64 años que vivían en los cuatro estados fronterizos las probabilidades de tener resistencia por lo menos a la isoniacida y la rifampicina (es decir, multirresistencia medicamentosa) eran 3,6 mayores cuando los pacientes habían nacido en México que cuando habían nacido en Estados Unidos. Asimismo, las probabilidades de tener resistencia a la isoniacida fueron dos veces mayores entre los pacientes nacidos en México que entre los nacidos en Estados Unidos. Los pacientes tuberculosos nacidos en México con residencia en los cuatro estados fronterizos y en los demás estados mostraron mayores probabilidades, en grado significativo, de haberse trasladado de lugar o de haber desaparecido durante el seguimiento que los pacientes tuberculosos nacidos en los Estados Unidos con residencia en los cuatro estados fronterizos (P < 0,001). Conclusiones. Para poder eliminar la tuberculosis de los Estados Unidos, hace falta una mayor colaboración entre los gobiernos federales de este país y de México en lo que respecta a iniciativas para controlar la tuberculosis a lo largo de la frontera que comparten.
RESUMEN
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